Genetic profiling of the critically endangered palm tree species
argun. Yet, the detailed knowledge of the distribution of its natural populations in Sudan remains unrevealed. The natural habitats of the species in the heart of the Nubian Desert are exceptionally remote and isolated by mountains, and, thus, very difficult to reach. Increased aridity and other environmental changes are assumed to cause further serious threats to the existence of M. argun (Blach-Overgaard et al. 2015) .
Better knowledge of the distribution, adaptation, population dynamics, genetic traits and speciation of M. argun would allow appropriate conservation measures and would also contribute to the current research on the evolution of palms. Concurrently, the utilization potential of M. argun palms can be investigated. Although M. argun is mainly known for its very strong fibrous leaves, its relatives in Sudan are wild fruit tree species, widely utilized in rural areas and thought as potential components for the food security and sustainability of smallholder agricultural systems (Gebauer 2005; Eltahir et al. 2010; Salih et al. 2014 ). As a result of a field expedition, in silico DNA marker development and laboratory analyses, this study provides the first scientific report on the status of M. argun palms in the Nubian Desert in Sudan and it introduces novel choloroplast markers for genetic profiling and diversity analyses in M. argun and its close relatives.
Materials and methods

Materials and site features
In November 2014, we reached populations of M. argun in Sudan near the location previously described by Gibbons and Spanner (1996) . Within a distance of around seven kilometers, at least three generations were observable among tens of M.
argun trees and seedlings scattered along the valley. It was the only palm tree species we found in this valley, surrounded by ranges of mountains. We saw few scattered shrubs of other plant species, gazelles and traces of other animals; all typical for the nature of the Nubian Desert. However, in some locations the creeping sand covered other plant species and only M. argun palms seemed to survive there (Fig. 1) . The main features of the sampled populations and habitat are shown in (Fig. 2) . Leaf samples of 51 M. argun individuals representing two sites located about 7 km from each other and three age classes were collected for DNA analyses.
In Silico primers design and development
We utilized chloroplast genome sequence data of Bismarckia nobilis (subtribe Hyphaeninae) as a source for the development of cpSSR markers in silico. B. nobilis is the closest species to M. argun with available genome sequence data. The complete (Table S1 ). Seven primer pairs were selected for laboratory analyses (Table 1) .
DNA extraction and genotyping
Total genomic DNA was extracted from dry leaves of collected samples using 
Data analysis
Genetic variation parameters, including allelic polymorphism, unbiased haploid genetic diversity as well as analysis of molecular variance (AMOVA; Excoffier et al. 1992 ), were calculated with GenAlEx version 6.503 (Peakall and Smouse 2006, 2012) for haploid microsatellites. Genetic differentiation of M. argun was examined among two collection sites and three age classes of trees.
Results
The results showed that five out of seven markers were polymorphic in M.
argun, two loci were polymorphic in Hyphaene thebaica but none in Borassus aethiopum ( Table 1) . The only genotyped sample of B. nobilis showed different amplicon lengths at six loci when compared to the available chloroplast genome of B. nobilis (GenBank: JX088664.1; Table 1 ). However, all seven markers showed different allele sizes among the four tested species (Table 1) .
The numbers of allelic variants at the polymorphic loci of M. argun ranged from two to three (Table 2 ). The unbiased haploid genetic diversity per locus varied from 0.000 on 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w O n l y site 2 to 0.660 on site 1; and from 0.000 among the medium and small trees to 0.600 among the old trees (Table 2 ). In general, the unbiased haploid genetic diversity was reduced in descendant generations from old to young trees ( Table 2 ). The AMOVA results indicated significant genetic differentiations among age classes (p<0.001) and among sites (p<0.05); 40% of variation was present among age classes and 12% of variation was present among trees from different sites (Table 3) .
Discussion
The applicability of chloroplast DNA markers for investigations on genetic diversity and structure, and phylogeography is well documented (e.g. Ennos et al. 1999; Provan et al. 2001; Bai et al. 2014) . The extinction risk of M. argun is based on the documented size of the existing population and the harsh nature of its habitat. The genetic diversity and structure revealed in this study may reflect the presence of very small fragmented populations scattered in the habitat. The cpSSR markers developed and tested in this study are valuable for examining genetic variation in M. argun palms and for producing additional biological information that can be used to assess its conservation status and to support the conservation of this critically endangered plant.
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